ABSTRACT A detailed study of the distribution of egg masses of Homalodisca vitripennis (Germar) and H. liturata Ball was done across a 2-yr period (2001Ð2003) on six host plants in southern California (Marsh grapefruit, Lisbon lemon, Washington navel, Dancy tangerine, rough lemon, and jojoba in Riverside; jojoba in Desert Center). The majority of egg masses in Riverside belonged to H. vitripennis (84 Ð100%), whereas in Desert Center, all Homalodisca egg masses were H. liturata. Oviposition in Riverside occurred in two discrete periods, a late winter and spring period (mid-February to late May), followed by a short interval of very low oviposition during most of June, and then a summer period (late June to late September) followed by a relatively long period of very low oviposition in fall and early winter (October to mid-February). Levels of oviposition during the late winter-spring period were similar to those during the summer despite an observed larger population of adults during the latter period. Moreover, egg clutch size for H. vitripennis was generally greater in spring than during summer and was generally higher than that for H. liturata, especially on Riverside jojoba. Larger egg clutch size was seen on grapefruit than on lemon, navel, and tangerine during summer. There appeared to be temporal host shifts in oviposition; most evident was the shift from relatively high rates of oviposition on lemon and tangerine in late winter-early spring to relatively higher rates of oviposition on grapefruit and navel during summer.
Homalodisca vitripennis (Germar) [ϭH. coagulata (Say)] (Takiya et al. 2006) , also known as the glassywinged sharpshooter, was introduced into southern California in the late 1980s (or possibly earlier) from its native range in the southeastern United States (Sorensen and Gill 1996) . More recently, this sharpshooter has invaded Hawaii, Easter Island (Pilkington et al. 2005) , and French Polynesia, becoming especially abundant on the island of Tahiti (Grandgirard et al. 2006 (Grandgirard et al. , 2008 . Glassy-winged sharpshooter is an important vector of the xylem-limited bacteria, Xylella fastidiosa Wells et al., which causes diseases on several crops and ornamentals including PierceÕs disease of grapes, phony peach disease, almond leaf scorch, alfalfa dwarf, and oleander leaf scorch (Blua et al. 1999 , UCOP 2000 , Varela et al. 2001 . The closely related H. liturata Ball [ϭH. lacerta (Fowler) ] (Burks and Redak 2003) , commonly known as the smoke tree sharpshooter, is native to California and is also a good vector of PierceÕs disease and oleander leaf scorch (Freitag et al. 1952 , Purcell et al. 1999 ).
Eggs of Homalodisca are laid just below the epidermis of leaves as a cluster of eggs oriented nearly parallel to one another. Homalodisca vitripennis and H. liturata egg clutch size in southern California varies between 1 and 30 (Powers 1973; Morgan et al. 2000; Al-Wahaibi and Morse 2009a, b) , with the former species tending to have slightly larger clutch sizes than the latter (Al-Wahaibi and Morse 2009b) . In southern California, oviposition of H. vitripennis was observed in two disjunct periods: late February to early May and early June to early October (Phillips 1998 , Blua et al. 1999 , UC-ANR 1999 . Powers (1973) mentioned that, in San Diego, CA, H. liturata has an overwintering brood, a spring-summer brood, and a partial third fall brood. Powers (1973) described these broods with respect to seasons in some detail and indicated that there was no clear peak in the adult population. In addition, Powers (1973) sampled the number of eggs of H. liturata on Hibiscus syriacus L., an ornamental plant in San Diego. The highest number of eggs was reported from early July to late September 1972, from late February to late April 1973, and again in July 1973 . However, the number of eggs plateaued at high levels for a relatively long period from July to September 1972, whereas the maximum number of eggs was seen only brießy during the end of March 1973. Moreover, Powers (1973) recorded eggs of H. liturata on 12 different plants he surveyed in San Diego County from January to December 1972. He apparently did not Þnd eggs on any of the host plants he surveyed during JanuaryÐFebruary and AugustÐDecember.
Females of H. vitripennis and H. liturata secrete brochosomes, whitish protein-lipid particles produced by the Malpighian tubules that are spread over egg masses after oviposition (Turner and Pollard 1959; Young 1968; Powers 1973; Rakitov 2000 Rakitov , 2002 Hix 2001) . Different functions for the brochosomes have been proposed including water repellency and protection from sunlight, infections by pathogens, natural enemies, and defensive reactions of plants (Swain 1936; Triapitsyn et al. 1998; Rakitov 2000 Rakitov , 2002 Hix 2001) . Brochosomes from different sharpshooter species vary in their shapes and sizes, allowing their use in identifying Þeld-laid eggs to species (Rakitov 2000 (Rakitov , 2002 Hix 2001; De Azevedo Filho and Carvalho 2005; De Azevedo Filho et al. 2008) .
Homalodisca vitripennis uses a large and diverse assemblage of plant species as ovipositional hosts in southern California and the southeastern United States (Turner and Pollard 1959 , Triapitsyn et al. 1998 , Blua et al. 1999 . However, egg masses of H. liturata have been recorded from a more limited list of plants consisting of native [jojoba, Simmondsia chinensis (Link) Schneider] or naturalized (tamarix, Tamarix sp.) species in the Sonoran desert of southern California and Arizona (Powers 1973 , Pinto et al. 1987 , Owen 2005 ) and some exotic species planted as ornamentals in southern California (Powers 1973 , Huber 1988 . Both Homalodisca species lay their eggs on citrus (e.g., lemon) (Powers 1973 , Huber 1988 , Triapitsyn et al. 1998 , Blua et al. 1999 , Daane and Johnson 2002 and apparently reproduce well on this crop. In many areas of southern California, citrus seems to act as a major source host for the large number of H. vitripennis adults that disperse to summer hosts such as grape (Blua and Morgan 2003) .
There is a lack of data on the temporal dynamics and host plant associations of eggs of the two Homalodisca species in southern California. From a practical perspective, the study of the impact of season and host plant on Homalodisca oviposition could show patterns useful in improving monitoring and control tactics for the pestiferous H. vitripennis and in better understanding the ecology of the native H. liturata. Before the introduction of H. vitripennis, H. liturata was apparently common on native (e.g., jojoba) and exotic (e.g., citrus and ornamentals) plants in southern California (van Duzee 1914 , Ball 1936 , Powers 1973 , Pinto et al. 1987 , Goeden and Ricker 1989 . However, a more recent examination of the relative abundance of H. liturata is worthwhile because of the altered ecological situation after the introduction of H. vitripennis and its possible competiton with H. liturata. This study examines the oviposition dynamics of the two Homalodisca species on citrus and jojoba in southern California over a 2-yr period: July 2001ÐJune 2003.
Materials and Methods
Sampling Sites. Sampling was conducted at Agricultural Operations, University of California, Riverside, and in Desert Center, both locations in Riverside County, southern California. The Riverside location was in an urbanized area with the nearest natural vegetation, sage scrub, in the Box Springs Mountains, 2Ð3 km to the east and northeast. The Desert Center location was semiurbanized with desert vegetation in the immediate vicinity.
At the Riverside location, we sampled three adjacent Þelds (Þelds 7E, 7F, and 7H) separated by Ϸ8-to 10-m-wide dirt roads. Field 7H consisted of 18 varieties of citrus planted in June 1986 in a randomized block design, with one plant of each variety replicated in every other row (40 rows total by nine trees per row). Field 7F consisted of rough lemon, Citrus jambhiri Lush., ranging in size from shrubs to small trees and planted as rootstocks in 1998. Field 7E was an abandoned Þeld consisting of multiclonal varieties of jojoba, Simmondsia chinensis (Link) Schneider, planted in 1984 and intermixed with Brazilian pepper tree, Schinus terebinthifolius Raddi; Þg, Ficus carica L.; willow, Salix nr. lucida; and other weedy shrubs and annuals. Field 7G, between Þelds 7H and 7F, was not included in this study. It was a weedy Þeld originally planted as guayule, Parthenium argentatum Gray, but overgrown by willow; mule fat, Baccharis salicifolia (Ruiz, Lopez and Paron); and Tamarix sp., as well as weedy annuals. Fields 7F and 7H were fertilized at least once a year and irrigated on a biweekly basis. During the sampling period, fruit were harvested normally from Þeld 7H but both 7F and 7H received no pruning. Field 7E received no agricultural services, including no irrigation. In Desert Center, sampling was conducted in an abandoned jojoba Þeld originally planted sometime in the early 1980s. The Þeld was adjacent to a paved road to the south and received no irrigation or other agricultural services except for occasional runoff from a nearby Þsh farm; the run-off formed a small pond in early spring 2002.
Sampled Host Plants. Sampling was conducted on 4 of the 18 citrus cultivars in Þeld 7H, by choosing one each of the more commercially popular (widely planted) varieties of grapefruit, lemon, orange, and mandarin in California. To exclude edge effects, all sampled trees of the four cultivars were in an inner block within the Þeld, with an unsampled depth of two edge trees surrounding this inner block of trees. Because sampling was restricted to trees within this inner block and the maximum number of trees per cultivar within the inner block was ϳ10, i.e., 10 trees each of Marsh seedless grapefruit (Citrus paradisi Macf.), Lisbon lemon (C. lemon Burm. f.), and ÔParentÕ Washington navel (Citrus sinensis Osbeck) were randomly selected, whereas all 9 trees of Dancy tangerine (C. reticulata Blanco) were sampled. In Þeld 7F, 10 shrubs of rough lemon were sampled. These shrubs were evenly spaced in a single east-west row in the center of the Þeld, and this row faced approximately the central row of the sampled section of the adjacent jojoba Þeld (7E). Ten jojoba shrubs were sampled in Þeld 7E. These were randomly selected from 20 actively growing shrubs (with apparent leaf ßushes) on the southwestern edge of the Þeld. The inner part of the Þeld was difÞcult to access because of overgrown shrubs blocking the original inter-row spacing. Because densities of sharpshooters were much lower than in Riverside and egg masses were initially difÞcult to Þnd in 2002, sampling in the Desert Center Þeld was conducted on 10 Ð20 haphazardly selected shrubs that appeared to be actively growing and infested with sharpshooter adults and egg masses. These shrubs were on the northeastern and southwestern sides of the Þeld where some standing water was observed close to the sampled shrubs. Not all of the shrubs in 2002 were repeatedly sampled, and sampling was usually repeated on shrubs that consistently yielded substantial numbers of egg masses. During 2003, 10 shrubs that had a relatively higher incidence of sharpshooter egg masses in the previous year were selected for repeated sampling. These shrubs were located on the northeastern and southwestern sides of the Þeld. Citrus cultivars in Þeld 7H, rough lemon in Þeld 7F, and jojoba in Þeld 7E were sampled by spending Ϸ6.5 min per tree/shrub searching for and collecting egg masses, except for the Þrst sampling date on 19 July 2001, when 3Ð5 min was spent per tree. Searches on 7H citrus cultivars and rough lemon involved walking around the trees, lifting branches to examine the underside of leaves, and to a lesser extent, scanning the canopy, mostly at eye level. Because of the relatively more open architecture of jojoba versus that of citrus, searching on jojoba involved mostly scanning the canopy at eye level, and to a lesser extent, lifting branches to examine obscured leaves. Fig. 1A, B) . After 30 d of incubation, all collected egg masses (unemerged, partially, and completely emerged) were placed in bags and stored long term (months) in the freezer or stored short term (weeks) in a cool room set at Ϸ5ЊC for later assessment.
Assessment of Egg Mass Species Using Brochosomes. Previous research indicated that citrus cultivars in Þeld 7H were predominantly infested by H. vitripennis (97.5%, early February 2001; A.K.A., unpublished data) , whereas Desert Center jojoba was completely infested by H. liturata (100%; A.K.A., unpublished data). However, both species existed as sizable populations on Riverside jojoba and rough lemon. Therefore, in 2002 and 2003, egg masses lacking Homalodisca emergence (because of high parasitism rates) and that were collected only from Riverside jojoba and rough lemon were identiÞed to Homalodisca species using the morphology of the brochosome particles deposited by female Homalodisca during oviposition. To identify egg masses to Homalodisca species, a technique was used based on the methodology originally devised by Hix (2001) but modiÞed in this study. Brochosomes were scooped gently from the area on top of and around egg masses with the wetted tip of a toothpick. The brochosomes were spread out (to break up clumps of brochosomes) in a drop of water in the center of a microscope slide using the tip of the toothpick, and a coverslip was placed over the brochosome-water mixture. Brochosomes were viewed through a compound microscope at ϫ150 and ϫ675. Several areas of the slide were scanned until No. egg masses for calculation of mean egg clutch size (see Fig. 3) c, e
No. egg masses (for calculation of mean egg clutch size, see large numbers of brochosomes were located. Brochosomes of H. vitripennis were rod-shaped with a constriction in the center region of the rod (Fig. 1C) , whereas H. liturata brochosomes were spherical in shape (Fig. 1D ). In addition, the brochosomes of H. vitripennis were larger than those of H. liturata and could be seen more easily. Only egg masses with sufÞcient quantities of brochosomes (sufÞcient to cover the tip of the toothpick) were assessed. Moldy egg masses were not assessed because of possible confounding results from fungal structures. Data Tabulation and Analysis. For each egg mass, there were four possible variables: one variable, the total number of eggs was recorded for all egg masses; the other three variables were scored in relation to the species of Homalodisca determined from emerging Þrst instars or through brochosome assessment: Homalodisca vitripennis, H. liturata, or Homalodisca sp. (when species could not be discerned). Egg masses that had become covered with mold or were severely dessicated and distorted during the incubation and/or storage processes were recorded as indiscernible. These indiscernible egg masses were not scored for any of the latter three variables. Occasionally, two or more egg masses were located on the same leaf inside a petri dish. These egg masses were monitored more closely for emergence (daily or twice a day). In almost all cases, emergence from the two or more egg masses occurred on different days, making it possible to track the emergence from speciÞc egg masses. Table 2 shows a summary of the variables and effects analyzed, the host plants included, and the type of analyses used. One-way ANOVAs, multi-way model Þtting, mean comparisons, descriptive statistics, and 2 tests were conducted using JMP IN (SAS Institute 1996) . Additional details are given below in terms of how variables were calculated, and analyses were done.
The effect of host plant and sampling date on particular variables indicated in Table 2 were tested using a two-way ANOVA. This two-way ANOVA included data only from the four citrus cultivars in Þeld 7H. These host plants were from the same Þeld with sampled trees arranged in a randomized block design, resulting in an experimental design appropriate for such an analysis. Because a proper two-way ANOVA requires that all combinations of host plants and sampling dates be present (i.e., a balanced design) and because not all host plants were sampled on each sampling date, some sampling dates were omitted from the analyses. If there was a signiÞcant interaction between host plant and sampling date, separate oneway ANOVAs were carried out for each sampling date to test for signiÞcant differences between variables across the four citrus varieties sampled in 7H. TukeyKramerÕs honestly signiÞcant difference (HSD) was No. egg masses for calculation of mean egg clutch size (see Fig. 3) c, e
No. egg masses (for calculation of mean egg clutch size, see h No. of trees varied because of all egg masses from certain trees becoming completely indiscernible to species before assessment because of the absence of egg masses on a particular date or to logistical reasons. used to separate means when ANOVAs showed signiÞcance differences among host plant levels. In addition, sampling dates for each of the 7H citrus host plants were not compared statistically using TukeyKramer HSD because of the large number of possible pairwise comparisons that would have resulted in a multiplication of the error rate to an unacceptable level. Instead, for each host plant, temporal patterns of a particular variable were discerned from a plot of the variable versus the sampling date.
Although Riverside jojoba, rough lemon, and Desert Center jojoba were not included in the twoway and one-way ANOVAs, along with 7H citrus, these host plants were compared with 7H citrus plants and with one another numerically rather than statistically because of the lack of a valid experimental design for the four groups of host plants that were situated in four separate Þelds (three in Riverside and one in Desert center). As with 7H citrus plants, temporal patterns for a particular variable on Riverside jojoba, rough lemon, and Desert Center jojoba were discerned from a plot of the variable versus the sampling date.
Separate two-way ANOVAs were done on data from Riverside jojoba and rough lemon to test the effect of Homalodisca species and sampling date on egg clutch size. Temporal patterns of egg clutch size were discerned from a plot of the egg clutch size versus sampling date. Rough lemon and Riverside jojoba were compared with one another numerically rather than statistically because of the lack of a valid experimental design involving both host plants. For analyses involving sampling date as the only effect (see Table 2 ), temporal patterns of a particular variable were discerned from a plot of the variable versus sampling date.
For analysis of variance (ANOVA) procedures, data transformation was performed for analyses showing signiÞcant heterogeneity of the variance. Four tests were conducted to test for heterogeneity of variance: OÕBrien, Brown-Forsythe, Levene, and Bartlett tests (JMP IN; SAS Institute 1996) . Usually, these four tests agreed, but when they did not, variances were considered to be heterogeneous when at least two of the tests had P values Ͻ0.05. When the variances were signiÞcantly different, proportion-based variables were transformed using arcsine transformation and nonproportion variables were square-root transformed. Rates of Oviposition. The rate of oviposition was deÞned in this study as the number of egg masses collected during a 6.5-min search on a particular tree/shrub. Because sampling on 19 July 2001 was not done using the 6.5-min per tree criterion (inconsistently 3Ð5 min per tree), it was not included in the analyses. Desert Center data from 2002 were also not included in these analyses because it was not until 2003 that the standard 6.5-min sampling period was used (2Ð15 min per shrub was used in 2002). Means for this variable were based on values recorded on each tree/shrub for each combination of host plant and sampling date. For Field 7H citrus, the effect of host plant and sampling date on rate of oviposition was tested using a repeated-measure, two-way ANOVA followed by one-way ANOVAs (for host plant comparisons). The repeated measure was the individual tree that was repeatedly sampled on each date. Temporal patterns for the rate of oviposition were discerned from a plot of this variable versus sampling date.
Egg Clutch Size. Egg clutch size is deÞned as the number of eggs per egg mass and means for this variable were based on the egg mass as the observational unit. Egg clutch size was compared among the four citrus cultivars (Þeld 7H) using a two-way ANOVA (host plant and sampling date as factors) followed by one-way ANOVAs (for host plant comparisons). Temporal patterns of egg clutch size were discerned from a plot of this variable versus sampling date. Because 7H citrus cultivars were overwhelmingly (see above) infested by H. vitripennis, Homalodisca species was not included as a main effect. Egg clutch size was analyzed separately for each of Riverside jojoba and rough lemon using a two-way ANOVA (with Homalodisca species and sampling date as factors), followed by t-tests (for Homalodisca species comparisons). The data used for this latter analysis were a subset of the full data set because many of the egg masses could not be identiÞed to Homalodisca species, especially in 2001 and 2002. In 2001, this resulted from nymphal emergence being almost absent and the technique to identify egg masses to Homalodisca species using brochosomes was not yet developed; in 2002, many of the egg masses were moldy by the time the brochosome technique had been developed and could be used. However, in 2003, most of the egg masses collected on jojoba and rough lemon were identiÞed to Homalodisca species using the brochosome technique or nymphal emergence records (some could not be assessed because of mold). Temporal patterns of egg clutch size of H. vitripennis and H. liturata on Riverside jojoba and rough lemon, and of H. liturata on Desert Center jojoba, were discerned from plots of these variables versus sampling dates.
Egg Mass Species on Riverside Jojoba and Rough Lemon. A contingency table of the two Homalodisca species and host plant (Riverside jojoba and rough lemon) was constructed based on total counts of egg masses identiÞed as either H. vitripennis or H. liturata. A 2 test of homogeneity was performed to test for the effect of host plant. Temporal patterns of the proportion of H. vitripennis egg masses on Riverside jojoba and rough lemon were discerned from a plot of these variables versus sampling date.
Results

Rates of Oviposition.
The two-way analysis involving Þeld 7H citrus host plants resulted in a highly signiÞcant interaction between host plant and sampling date (P Ͻ 0.0001). For comparison, data from this Þeld were plotted against samples from Riverside jojoba, rough lemon, and Desert Center jojoba ( Fig. 2A,  B) . Generally, there were two active oviposition periods on 7H citrus host plants associated with peak Homalodisca egg mass levels: one during late winter and spring and the other in summer. In 2001 and 2002, the summer peak was around the middle of August. The timing of the spring peak in 2002 occurred in late March to early April, whereas in 2003, it was earlier, from mid to late March. Oviposition levels were low during the two interseason periods: one between the spring and summer and the other between summer and late winter (fall and early winter). The low period between spring and summer was of short duration, generally occurring in June, with oviposition remaining detectable albeit at low but sustained levels. The other low period extended from early October to late January or early February. This second low period lasted longer and oviposition rates tended to be very low (near zero), making detection of egg masses difÞcult using the sampling method used in this study. The levels of oviposition from the start of sampling in the summer of 2001 to the end of sampling at the end of spring 2003 followed an increasing trend. Levels of oviposition in the summer of 2001 were especially low ( Fig. 2A) .
Temporally, Riverside jojoba and rough lemon evinced similar oviposition cycles as described above for 7H citrus cultivars. Riverside jojoba showed higher peaks of oviposition in the summer of 2002 compared with the springs of 2002 and 2003. Oviposition on jojoba also tended to plateau (i.e., reach a peak and ßatten) longer than on the other host plants, and the decline in the number of egg masses tended to be more gradual than was seen on other host plants. This was especially evident in the springs of 2002 and 2003 ( Fig.  2A, B ).
There were not enough standardized data (numbers of egg masses per 6.5-min search per tree were available only from four sampling dates in 2003) to make comparisons between Desert Center jojoba and other host plants. However, based on the total number of egg masses collected on different sampling dates in 2002 and 2003, and visual observations, there appeared to be two active ovipositional periods on Desert Center jojoba. One was in late winter and the other from late spring to late summer.
Whereas samples on lemon and tangerine tended to have about equal levels of oviposition in spring and summer, samples from grapefruit and navel tended to show higher oviposition levels during the summer compared with the spring. This trend was more pro- nounced for grapefruit than navel. In the spring of 2002 and 2003, tangerine and lemon samples generally showed higher levels of oviposition than navel and grapefruit during the Þrst half of the spring ovipositional period. As overall oviposition rates started to decrease in the latter half of the spring, levels of oviposition on grapefruit and navel exceeded those on lemon and tangerine and continued to do so during the summer of 2002 ( Fig. 2A, B) .
Consistently across time, Riverside jojoba led all other host plants in the level of oviposition ( Fig. 2A,  B) , except during interseason periods, when oviposition was generally low on all host plants. Rough lemon samples tended to show slightly higher rates of oviposition than citrus cultivars during the latter parts of the summer and during spring oviposition seasons in 2001 and 2002 but not in 2003 ( Fig. 2A, B) . When comparing across common sampling dates, Riverside jojoba samples had a much higher level of oviposition (roughly 15 times as many egg masses) versus that on Desert Center jojoba (Fig. 2B) .
Egg Clutch Size in Mixed Citrus. For 7H citrus host plants, the interaction between host plant and sampling date was highly signiÞcant (P Ͻ 0.0001; Fig. 3A,  B) . Temporally, all four host plants tended to show higher egg clutch sizes in the spring than in the summer. During both of these periods, the early portion of each period was typiÞed by a surge in the egg clutch size (late winter to early spring and early summer). (Fig.  3A, B) .
The host plant effect on egg clutch size was not consistent across sampling dates. The ranking of egg clutch size by host plant tended to vary from one date to another. However, there was a tendency for egg masses on grapefruit to have the highest clutch size among the host plants during the summer period (JulyÐOctober during 2001 and 2002) , whereas during the rest of the year, the lead position was occupied by either lemon, navel, or tangerine, with their relative ranking varying with time of the year (Fig. 3A, B) .
Egg Clutch Size on Jojoba and Rough Lemon. Comparing egg clutch size on Riverside jojoba and rough lemon, the main effects of Homalodisca species and sampling date were signiÞcant or marginally signiÞ-cant (Homalodisca species: P Ͻ 0.0001 and P ϭ 0.0534; date: P ϭ 0.0148 and P Ͻ 0.0001, respectively, for Riverside jojoba and rough lemon). However, the interaction between the two effects was not signiÞcant (P ϭ 0.0783 and P ϭ 0.9855, respectively, for jojoba and rough lemon).
Egg clutch size on both Riverside jojoba and rough lemon tended to follow seasonal patternsÑreaching peak levels early in the spring, dropping gradually thereafter, reaching a low level during the interseason period, rising again to a peak in early summer, and dropping to a low level in late summer and throughout the second interseason period (Fig. 4A, B) . This cycle was repeated starting the following spring. There was some indication that spring egg masses tended to show higher egg clutch sizes than summer egg masses. Egg clutch size of H. vitripennis was signiÞcantly larger than that of H. liturata on each of Riverside jojoba and rough lemon ( Fig. 4A, B ; Table 3 ). Although the size of egg clutches for H. vitripennis was higher on Riverside jojoba than on rough lemon on most dates, the same pattern was not evident for the size of egg clutches for H. liturata where there was no consistent pattern involving the two host plants. Mean H. liturata egg clutch size on Desert center jojoba was noticeably larger than on Riverside jojoba on a number of sampling dates (Fig. 4A, B) .
Egg Mass Species Composition on Riverside Jojoba and Rough Lemon. The proportion of Homalodisca egg masses that were H. vitripennis varied temporaly on Riverside jojoba and rough lemon (Fig. 5) . On jojoba, Ϸ50% of the egg masses were H. vitripennis during spring 2002. This proportion rose steadily during late spring and early summer until nearly 100% of the egg masses were H. vitripennis from midsummer until late fall 2002 (Fig. 5) . During early winter 2003, Effect of Homalodisca species and sampling date on egg clutch size was analyzed separately for Riverside jojoba and rough lemon using two-way ANOVA (Homalodisca species: P Ͻ 0.0001 and P ϭ 0.0534; date: P ϭ 0.0148 and P Ͻ 0.0001 for Riverside jojoba and rough lemon, respectively). The interaction between the two effects was not signiÞcant (P ϭ 0.0783 and P ϭ 0.9855, for Riverside jojoba and rough lemon, respectively). Data for Desert Center jojoba are included only for comparison. SEMs are presented as error bars at the top of columns. 5) . On rough lemon, the proportion of H. vitripennis egg masses was relatively high in spring of 2002 at Ϸ80%. As in jojoba, there was a dip in this proportion in late spring and early summer (a bit later than was seen on jojoba). Also, as with jojoba, the proportion of H. vitripennis egg masses on rough lemon was very high, Ϸ90% in summer 2002. There was a decline in the proportion of H. vitripennis egg masses on rough lemon in early winter 2003. This was followed by a rise in the proportion of these egg masses in late winter. Throughout spring 2003, H. vitripennis made up around 90% of the egg masses (Fig. 5) . The proportion of egg masses that were H. vitripennis did not differ much between jojoba and rough lemon on most of the common sampling dates. There was, however, some indication of differences between the two host plants during early summer 2002 and in late spring 2003. In late spring 2003, rough lemon samples tended to have a higher proportion of egg masses that were H. vitripennis, whereas in early summer 2002, this host plant had a lower proportion of H. vitripennis egg masses (Fig. 5) .
Results of a 2 homogeneity test for H. vitripennis and H. liturata egg mass counts showed no effect of host plant on the composition of Homalodisca species ( 2 P ϭ 0.0826, n ϭ 3,216). On jojoba, 84% of the egg masses were H. vitripennis versus 16% H. liturata; on rough lemon, there was 86% H. vitripennis and 14% H. liturata.
Discussion
Seasonality of Oviposition. For H. liturata on Desert
Center jojoba, there was an indication of an early to mid-winter active oviposition period followed by an inactive period from late winter to late spring and then by a generally active period from late spring to late summer. The rate of oviposition for the two active periods was higher during the second versus the Þrst period. The ovipositional seasonal activity of H. liturata in Desert Center was probably associated with adult ßight activity. Blua et al. (2001) reported that H. liturata ßights in Palm Desert, CA (climate similar to that of Desert Center), in the vicinity of oleander plants were concentrated into periods from June to November 1997, from August 1998 to February 1999, and from June to August 1999. Park et al. (2006) noted a similar peak ßight activity (late spring to late summer) for H. liturata in the Coachella Valley during 2001Ð2004. In this study, oviposition of H. liturata in Riverside on jojoba and rough lemon appeared to be higher during late winter and early spring than during summer. Powers (1973) surveyed different host plants in the San Diego area for the presence of egg masses of H. liturata during 1972. He found egg masses on various plants from February to July, and no egg masses were found from August to December. This supports the concept of limited oviposition by H. liturata during the summer, at least in the coastal and inland valleys of California.
Based on data mostly from the four citrus cultivars sampled in Þeld 7H, high ovipositional activity by H. vitripennis in Riverside occurs during two discrete periods. One is in late winter to late spring (roughly mid February to late May), and the other is from early summer to early fall (roughly late June to early October). Each period covers a span of Ϸ3Ð 4 mo. There were two periods of low to absent ovipositional activity. One was a short transitional period between spring and summer (Þrst 3 wk of June), and the other was a long transitional period spanning mid-fall through early winter (roughly late October to midFebruary). The late spring-early summer period of low oviposition was probably because of the death of a large number of overwintering females and the pres- ence of a relatively low number of newly eclosed, reproductive females of the spring generation. Similarly, Powers (1973) indicated that most of the overwintering H. liturata adults died around the time of emergence of the spring-summer brood. The mid-fallÐ early winter period of low oviposition was not caused by a low number of females (there were moderate number of adults during that period; A.K.A., unpublished data; Toscano et al. 2002 , Luck and Hoddle 2003 , Bi et al. 2005 , Castle et al. 2005b ) but to reproductive dormancy, initiated in late summer, of the majority of the female population Peng 2003, Hummel et al. 2006a ). Turner and Pollard (1959) 
A rapid rate of increase (from a near zero level) of adult populations of H. vitripennis in early summer, based on measurements of ßight activity (Blua et al. 2001 ) and counts on trees (Toscano et al. 2002 , Luck and Hoddle 2003 , Bi et al. 2005 , Castle et al. 2005b , have been reported, suggesting the emergence of a new generation of adult sharpshooters in early summer. This inference is supported by data from Coviella and Luck (2003) and Castle et al. (2005b) , which showed that the period of highest recruitment of new adults of H. vitripennis on orange and lemon in Riverside occurred from mid-June to early August. This rapid sharpshooter population growth in early summer was probably responsible for the high rates of oviposition observed during the summer on citrus and jojoba in Riverside as described in this study. However, the relatively low adult population in late winter and spring (Toscano et al. 2002 , Luck and Hoddle 2003 , Bi et al. 2005 , Castle et al. 2005b ) seemed to produce rates of oviposition that were disproportionately higher than expected and that nearly matched summer rates of oviposition, especially on citrus. This disparity between adult population densities and oviposition of H. vitripennis on citrus was also noted by Blackmer and Hagler (2003) and Daane and Johnson (2002) .
Disparity Between the Abundance of Adults and Egg Masses. The above disparity could be explained by either one, or a combination of the two, following hypotheses. First, it is possible that the majority of adult H. vitripennis eclosing in early summer do not become reproductively active until late winter of the following year. Because most of these adults probably do not survive to late winter of the following year, the population of adults reaches low levels when sampled in the spring (Toscano et al. 2002 , Luck and Hoddle 2003 , Castle et al. 2005b ). However, this low density of adults could be highly fecund in the spring, using food resources acquired during the previous summer and during early spring. This concept is supported by the studies of Zalom and Peng (2003) and Hummel et al. (2006b) , who examined the proportion of previtellogenic (reproductively inactive ovaries), vitellogenic (active ovaries), and postvitellogenic (ovaries showing reproduction was complete) female H. vitripennis in Riverside. Both studies observed a substantially higher proportion of vitellogenic females during the spring (FebruaryÐApril) than summer (JulyÐSeptem-ber), with the difference between the two periods being two-fold in 2004 (Hummel et al. 2006b ). Probably, only a small proportion of these summer-and fall-eclosing adults become vitellogenic Peng 2003, Hummel et al. 2006b ) and when they do, they are vitellogenic for only a relatively short period of time after eclosion. Decreasing daylength from late June to late December could retard vitellogenic development of summer-eclosing H. vitripennis, especially for insects eclosing relatively late in mid-to late summer before they aquire sufÞcient nutrients to produce eggs. Experimentation based on variation of daylength and total feeding time of female H. vitripennis could help elucidate the effects of these two factors on rate of oviposition.
A second hypothesis is that a considerable percentage of the citrus-developing H. vitripennis population disperses to noncitrus host plants for oviposition. This dispersal to and from citrus could be diurnal, i.e., occurring at certain times of the day, or seasonal where there is a gradual emigration from citrus during summer and early fall, followed by immigration back to citrus during late fall and winter. This seasonal dispersal has been suggested by a number of researchers based on sampling of adult populations Morgan 2003, Castle et al. 2005b ). Blua and Morgan (2003) examined the dispersal of H. vitripennis into vineyards from citrus, riparian, and coastal sage habitats. Their data suggested mass sharpshooter dispersal from citrus into vineyards and the other two habitats during summer. Diurnal dispersal of H. vitripennis adults during summer is supported by Þeld observations. Although this leafhopper was rarely seen at our Riverside jojoba plot (which is surrounded by citrus on all sides) during summer and most other times of the year (A.K.A., unpublished data), there were ubiquitous egg masses from this species on jojoba during spring and summer (see below). On many summer days, toward the end of the day (1730 Ð1930 hours), H. vitripennis females could be seen ßying toward jojoba shrubs from some outside source, landing on the tops of jojoba terminals where they oviposited. During periods of peak oviposition activity, 5Ð10 female H. vitripennis could be seen simultaneously ovipositing on a single jojoba shrub (Al-Wahaibi et al. 2005) . A similar behavior was described by McClure (1980) for Scaphytopius acutus (Say) (Hemiptera: Cicadellidae). This leafhopper commuted within seasons between peach, its preferred feeding host, and wild rosaceous plants, its preferred oviposition host.
It is possible that relatively high temperatures seasonally during summer and diurnally during afternoons of most summer days in Riverside could be the driving factor for such dispersal behavior. Blackmer et al. (2006) stated that signiÞcantly more H. vitripennis adults were captured between 1000 and 1400 hours than at other times of the day in traps set close to citrus trees near Fillmore, CA. They also indicated that temperature was the only measured abiotic factor that signiÞcantly explained the change in sharpshooter numbers captured at different times of the day. It is also possible that relativey poor proÞles of xylem nutritients in citrus trees during summer could drive nutritionally demanding H. vitripennis females to seek other more suitable host plants before oviposition. This is supported by research of Bi et al. (2005) , which showed that soluble proteins in the xylem of orange and lemon in Riverside were lower during summer than during fall and winter.
Rate of Oviposition on Various Host Plants. In Riverside, there were substantially more egg masses collected on jojoba than on citrus on most sampling dates. This could reßect differences in plant size (jojoba was substantially smaller) and/or architecture (jojoba was more open, making egg masses more easily observed). This difference could also reßect differences among Þelds or an inherent preference for jojoba over citrus. When oviposition was assessed using counts of infested leaves out of counts of all leaves on large branches of jojoba, lemon, and navel (rather than counts of egg masses found during visual timed searches on individual whole plants as was done in this study), the rate of oviposition on jojoba did not differ from that on lemon and was only slightly higher than on navel (A.K.A., unpublished data). This suggests that oviposition rates are similar on jojoba and citrus and that timed searches combined with differing physical structures of these host plants could result in misleading sampling results.
Data from this study showed that rates of oviposition were higher on tangerine and lemon than on grapefruit and navel in the spring (especially early in spring) but were lower on tangerine and lemon than on grapefruit and navel in the summer. One explanation is that, as sharpshooters shift to more optimal food sources through time, they also use these more optimal food sources as ovipositional hosts (nutritional resource hypothesis). In late January to early February 2001, the number of adult H. vitripennis trapped on yellow sticky traps hung on branches of citrus trees in Þeld 7H was about three times higher on lemon than on grapefruit, navel, and tangerine (A.K.A., unpublished data). Toscano et al. (2002) , Luck and Hoddle (2003) , Bi et al. (2005) , and Castle et al. (2005b) recorded a strong aggregation of H. vitripennis adults on lemon trees during winter months (late December to March), with minute H. vitripennis populations observed on orange trees over the same period. According to Toscano et al. (2002) and Bi et al. (2005) , these higher numbers of adult H. vitripennis seem to be associated with higher concentrations of a number of speciÞc amino acids in the xylem ßuid of lemon in winter. Thus, it is possible that, in late winter and early spring, before H. vitripennis starts dispersing from lemon to other citrus host plants, they concentrate their ovipositional activity on lemon, whereas in the spring, as orange and possibly other citrus cultivars become more favorable food resources, H. vitripennis shifts oviposition from lemon to these other cultivars.
Leaf characteristics of citrus cultivars could play a role in determining oviposition preference. For example, Irvin and Hoddle (2004) explained higher oviposition on Eureka versus Lisbon lemons in the laboratory by the thicker leaf structure and rougher leaf surface of the Eureka variety. This leads to another possible explanation for the apparent shift in oviposition between host plants in this study: the presence/ absence of a more suitable substrate for oviposition, at least for the late winter and spring period (leaf maturity hypothesis). H. vitripennis egg masses are associated with mature leaves or leaves advanced in maturity but not fully mature (i.e., transitional leaves; A.K.A., unpublished data). Similar leaf maturity preferences were shown for Empoasca solana Delong (Hemiptera: Cicadellidae) by MofÞtt and Reynolds (1972) and for E. fabae (Harris) by Miller and Hibbs (1963) . It is possible that, in late winter and early spring, H. vitripennis females Þnd suitable oviposition substrates mostly on lemon, which has a less extensive synchronized ßush compared with orange and grapefruit, and on tangerine, which usually has an extensive late leaf ßush in the middle of spring (in April rather than in late February). As leaves on navel and grapefruit develop into transitional and mature forms from mid-to late spring, they may become more suitable substrates for oviposition, resulting in increasing oviposition rates on these two host plants.
In summer, most leaves are mature on all citrus host plants and no ßushing comparable to that seen in the late winterÐ early spring period occurs. Although the leaf maturity hypothesis can explain why H. vitripennis oviposits more on lemon and tangerine in late winter and early spring, the higher ovipositional rates by H. vitripennis on navel, and especially on grapefruit, in summer, cannot be explained by this same hypothesis. Hence, it is possible that the ovipositional shift to grapefruit and navel in the summer could be better explained by shifts to more optimal food plants, quality-wise (higher concentrations of certain amino acids) or quantity-wise (higher volumes of xylem ßuid providing resources to larger fruit, e.g., grapefruit). By combining elements of the nutritional resource hypothesis and the leaf maturity hypothesis, it can be hypothesized that, for times of the year other than late fall to late winter (when H. vitripennis aggregates on lemon for overwinter feeding), grapefruit and navel are generally better hosts for oviposition (and possibly for feeding) but become less favorable for oviposition during late winter and early spring because of the extensive new ßush of immature leaves.
Variation in Egg Clutch Size. In this study, there was an indication that the egg clutch size of H. vitripennis on citrus cultivars (Þeld 7H) was higher in spring than summer and that clutch sizes were higher in early spring than in late spring. The aforementioned research by Zalom and Peng (2003) and Hummel et al. (2006b) could partially explain the likelihood that more egg masses are laid per individual H. vitripennis in the spring than in the summer.
To help explain the larger egg clutches of spring versus summer, we propose a hypothesis based on the life history and phenology of H. vitripennis on citrus. Population of H. vitripennis females ovipositing in late winter and spring consists, for the most part, of females eclosing the previous summer (Coviella and Luck 2003, Castle et al. 2005b ) plus those that develop and eclose in early fall (Powers 1973 for H. liturata; Hummel et al. 2006b for H. vitripennis). Brodbeck et al. (1993) noted that the higher feeding rates of female H. vitripennis versus males during the summer in Florida and their higher efÞciency of metabolism of nitrogen were probably because of females using the metabolized nitrogen to produce eggs. However, female H. vitripennis eclosing in the summer and early fall, which need to survive through the following spring not only need to convert the nutrients acquired to eggs that they deposit and to energy for dispersal but also possibly to energy-storage products for surviving cold weather during late fall and winter.
It is therefore possible that female sharpshooters surviving from the previous summer and early fall could eventually convert their extra energy reserves to large egg loads that will be laid in late winter and early spring. As these females age and near death in the spring, they become more and more postvitellogenic, with decreasing egg loads over time. Because of the relatively short time over which females are reproductively active in summer, they have less time to convert acquired nutrients into eggs and they also spend more of their energy dispersing, because of the higher ßight activity, related possibly to high temperatures at that time. This leads to females having relatively smaller egg loads in the summer than in the spring.
Homalodisca Species Egg Mass Composition. In Riverside, H. vitripennis egg masses were more abundant than those of H. liturata. Of all egg masses collected, H. vitripennis egg masses were close to 100% on 7H citrus and 84 Ð 86% on rough lemon and jojoba. This contrasts with the observation that, on jojoba (a plant native to southern California), H. liturata adults were substantially more common than H. vitripennis during most of the year (A.K.A., unpublished data). This indirectly suggests a higher reproductive potential of H. vitripennis versus H. liturata.
Data from this study also showed that the clutch size of H. liturata was smaller than that of H. vitripennis, especially on jojoba. The generally lower fecundity of H. liturata versus H. vitripennis (in terms of the number of egg masses and egg clutch size) could have contributed to the decrease in abundance of this sharpshooter (based on statements of the local abundance of this species in the past; Powers 1973) after the introduction of H. vitripennis into California. With the high parasitism rates observed on Homalodisca egg masses most of the year (Al-Wahaibi 2004) and the relatively low fecundity of H. liturata, populations of this sharpshooter risk becoming less abundant with the passage of time. However, the perceived change in abundance of H. liturata could be relative to the large populations of H. vitripennis, and in absolute terms, no real change in the abundance of H. liturata may have occurred. The levels of H. liturata in the early 1970s in San Diego were not quantiÞed by Powers (1973) . Thus, it is difÞcult to know if H. liturata populations have actually been depressed by the introduction of H. vitripennis into California. Castle et al. (2005b) remarked on the need to monitor egg masses of H. vitripennis to be able to better predict the increase of nymphal and adult populations in the spring and summer. In areas where H. vitripennis must be managed because of proximity to grape (with potential for vectoring PierceÕs disease), the higher the rate of oviposition in late winter and early spring and the greater the potential for a higher population of this pest during the summer lead to a greater need for insecticide intervention. In addition, monitoring of egg masses of H. vitripennis provides an objective tool for selecting the proper time to intiate monitoring of nymphal and adult populations rather than arbitrarily designating such timing (Castle et al. 2005b ). Applications of systemic insecticides like imadocloprid for the management of nymphs and adults of H. vitripennis on citrus (Castle et al. 2005a, b) and other cultivated trees could be better timed (earlier or later) by timing treatments based on when oviposition increases in late winter. Because there is a time lag of 4 Ð 6 wk between application of imidacloprid and its availablity for ingestion by nymphs and adults in moderate to large trees (Castle et al. 2005a, b) , applying this insecticide in late winter rather than early April as was done by Castle et al. (2005a, b) would allow it to control Þrst and second instars from mid-April rather than from mid-May onward. We expect this would eliminate a higher percentage of the population of H. vitripennis than that reported by Castle et al. (2005a, b) .
Implications for Mangement of H. vitripennis.
